Bdellovibrio was originally described as a "predatory, ectoparasitic and bacteriolytic" bacterium (13) . An ambiguity in the definition of bdellovibrios has persisted until the present time. Starr (12) recently suggested that the relationship between bdellovibrios and the other bacteria required for their growth could best be regarded as an example of symbiosis by deBarry's definition.
The dependence on another bacterium for normal growth and the competence to establish and maintain a specific association with it are two unique properties of Bdellovibrio. Thus, the wild-type bdellovibrios can be described as symbiosis dependent (S-D) and symbiosis competent (S-C) as suggested by Starr (12) , or Sdcomp +.
Symbiosis-independent (Sin) mutants of Bdellovibrio were isolated as early as 1963. They were then named "saprophytic," later "hostindependent" and a variety of other designations (12) . The disadvantage of the different designations was that they did not clearly distinguish between the two properties of Bdellovibrio. Thus, a "host-independent bdellovibrio" was assumed to be incapable of penetrating and growing inside other bacteria, though the capacity to grow in bacteria-free medium does not necessarily imply the loss of the capacity to grow in the periplasmic space of other bacteria. Bdellovibrio mutants isolated up to now have differed from their parent in their symbiotic dependence or in their symbiotic competence or both. We suggest the following nomenclature for the three classes of Bdellovibrio mutants which have been described: (i) S1ncomp,, mutants that have been described as being facultative (2, 11) and that can establish a symbiotic relationship with other bacteria but do not depend on them for normal growth; (ii) Sncomp-, mutants that have been described as being nonparasitic (14) or nonsymbiotic (12) and that have lost their symbiotic competence but gained the capacity for independent growth; (iii) Sdcomp-, mutants that are conditional and that are competent at the permissive temperature but incompetent at higher, restrictive temperatures (3, 10) .
In the present study we isolated mutants of types (i) and (ii) from a single wild-type Bdellovibrio strain (109J) and investigated the relationship between them.
MATERIALS AND METHODS Bacterial strains and culture conditions. Bdellovibrio 109J (streptomycin resistant) and Escherichia coli B have been described previously (16 (7) , E. coli cells contain a factor required for optimal growth of S'n bdellovibrios. This growth-initiating extract was prepared from frozen E. coli cells (2.4 g) thawed in 10 ml of distilled water and treated with deoxyribonuclease (50 Ag/ml) in the presence of MgSO4 (10-3 M) for 30 min at 37 C; the suspension obtained after low-speed centrifugation was introduced into the medium (8.3 ml/liter) before autoclaving. Plates of this medium (ENB-E) as well as of ENB and PY were usually supplemented with 50
Atg of streptomycin per ml. DNB medium and TM buffer were as described by Varon and Shilo (16 (6, 8) . Treatment of the extract with ribonuclease or Pronase abolishes its activity (6) . No other medium is known to support normal growth of Bdellovibrio 109J. All aPassages were on ENB slants every 3 to 5 days. Samples were withdrawn from the slants and plated after dilution on ENB-E plates (colonies) and on lawns of E. coli (plaques).
the four S1ncomp+ mutants examined reverted to the Sd phenotype. The two revertants were, like the wild type, incapable of colony formation either on ENB-E medium or on autoclaved bacteria.
Growth kinetics of S,n bdellovibrios in axenic cultures. The growth rates of S,ncomp+ and S,ncomp-mutants in ENB medium were followed by means of absorbancy measurements and viable counts. Although different comp+ mutants differed in their growth rate, they grew more slowly than the comp-mutants derived from them or from other comp+ mutants, whether in axenic cultures (Fig. 1 ) or in a mixed culture containing both types of mutants. As a result, during several transfers of the mixed culture, the proportion of comp+ cells gradually decreased until the population consisted mainly of comp-cells. A "fitter" comp+ mutant obtained by successive transfers competed successfully with the comp-mutant for at least 13 transfers (Fig. 2) .
Thus, a spontaneous mutation comp+ comp-, followed by a selection process such as illustrated in Fig. 2 , could account for the loss of plaque-forming capacity of Slncomp+ populations repeatedly transferred under conditions that allow asymbiotic growth of bdellovibrios (Table 2) .
Growth kinetics of comp+ bdellovibrios in two-membered cultures. The growth rate of the Sin mutants was slower than the growth rate of the Sd parent, either when grown separately on E. coli or in a mixed culture containing both wild-type and mutant bdellovibrios and E. coli (Fig. 3) . This difference in the growth rate of the two kinds of bdellovibrios probably explains the disappearance of Sin cells from a mixed culture transferred repeatedly (Fig. 4) .
Differences in growth rates between the two symbiotically growing bdellovibrios seem to be due to differences in the efficiency of symbiosis establishment rather than differences in growth rate per se. Growth itself, as measured in one-step growth experiments, was similar in rate in both strains; the difference was within the range of variation obtained in repeated experiments with a single strain. The attachment efficiency, on the other hand, is significantly reduced in the Sln mutants and is still further reduced after incubation in a fresh medium (Fig. 5) . Phase microscopy showed that the decrease in attachment efficiency in the mutant cells is accompanied by a loss of motility and enlargement of the cells.
Infection capacity of comp-mutants. We have defined comp-mutants as bdellovibrios incapable of plaque formation on E. coli lawns (ratio of plaque-forming units/colony-forming units being less than 10-3) . However, when examined in suspension, all of the mutants showed a significant capacity for infection and symbiotic growth ( (10). Since Sd bdellovibrios are incapable of deoxyribonucleic acid synthesis though they can generate energy (5) and synthesize other macromolecules (16) , such a control mechanism may operate on the deoxyribonucleic acid level. A repressor that prevents deoxyribonucleic acid synthesis in the wild type unless inactivated by a component from the inhabited bacteria could be inactivated in Sin mutants by a variety of mechanisms, some of which are listed above. The acquisition of a new metabolic potential is often followed by a selection of fitter variants, which grow faster on the new compound (4) . This phenomenon was also observed in the case of our mutants: their growth rate in ENB medium and in a two-membered culture becomes faster after repeated transfers in the same medium. This may explain why S,ncompmutants derived from S,ncomp+ populations grow faster than their parents and dominate the population ( Fig. 1 and 2 , Table 2 ).
However, one can speculate on another explanation for the difference in growth rate between comp+ and comp-bdellovibrios. Mutations to comp-probably involve loss of functions having to do with the special symbiotic growth of Bdellovibrio. Mutants described so far include motility mutants (9) and mutants defective in attachment or penetration (3, 10, 14) or intraperiplasmic growth (3) . One would expect to find different mutants for each of the stages of the symbiotic way of life, as well as mutants in regulatory genes that coordinate the different functions. These functions are not needed when the bdellovibrios are grown on rich media. It was shown by Zamenhof and Eichhorn (17) a few years ago that, on rich media supplied with final metabolites, auxotrophs have a selective advantage over prototrophs, and the latter have 12 ;S a selective advantage over derepressed mutants.
These results were attributed to the useless omp+ Bdel-production of metabolites by the prototroph C-3910 in a and even more by the derepressed strain. If this forming units is a general phenomenon, one would expect ulated into a comp-bdellovibrios to grow faster than corref TM buffer. sponding comp+ bdellovibrios. To examine this ly24h (at. 3 it is essential to use strains closely related (Fig. 5) . Poor motility is also common among Sln mutants of other bdellovibrio strains (9) ; Sln mutants of Bdellovibrio UK are different and exhibit a longer period of rapid motility before losing their flagella (2, 14) . The latter would be expected to compete better with the Sd parent.
Although the comp-mutants of Bdellovibrio 109J (99.99% of their cells) are incapable of plaque formation, they attach (albeit less efficiently than the wild type) to E. coli cells and develop in their periplasmic space. They thus resemble the "H-I derivatives" isolated by Seidler and Starr (9) , which failed to produce single plaques though they were bacteriolytic at high concentrations. The 
